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(54) Substituted a-amino acids, their preparation and pharmaceutical compositions containing them 

(57) Substituted a-amino acids useful for treating epilepsy, disorders associated with excess GH or LH secretion, anxiety, 
schizophrenia, depression, CNS degenerative disorders, cerebral hypoxic conditions and stress-related psychiatric 
disorders: are a-amino-a-(3-alkylphenyl) alkyl-ethanoic acids or esters or amides thereof, '"^^^ 
bears a phosphorus oxo acid group or an ester thereof, wherein phosphorus is attached directly to the alky! moiety, or salts 

thereof. The compounds may have the formula:- 



wherein R f R,, R 2 , R 3 , Y, m and n have certain defined meanings, Y being linked via a phosphorus atom. 
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Substituted g-aminoacids , their preparation and pharmaceutical 



The present invention relates to a-amina-a-(3-:alkylpbenyl)alkyl- 
ethanoic acids, esters or amides, in which the 3-alkyl moiety 
bears a phosphorus oxo acid group or an ester thereof, wherein 
phosphorus is attached directly to the alkyl moiety, their salts, 
processes for their production, pharmaceutical compositions 
containing them and their use as pharmaceuticals. 

It is to be appreciated that the compounds of the invention 
may be optionally substituted. In particular the phenyl group 
may be further substituted. Examples of substituents in the 
phenyl ring are alkoxy , phenyl or phenyl substituted by e.g. 
halogen, alkyl or phenyl. Furthermore the a-amino group may bear 
substituents. 

In a preferred aspect the present invention relates to compounds 
of formula I 



compositions containing them 




< CH 2V Y 



i 
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wherein 

m and n are independently 1 or 2, 

R 1 is carboxy, (C^-^alkoxycarbonyl, benzoyl (C 1-4 )alkoxycarbonyl, 
phenyl (C 2-4 )alkenyloxycarbonyl, carbamoyl, monoalkyl (C 1-5 )carba- 
moyl or di alkyl (C 1-g )carbamoyl , 

R 2 is hydrogen or ( c -j-i 2^ a ^ ky ^ * 

R 3 is hydrogen, (C-j _ 12 )alkyl » (C^gjalkylcarbonyl » ( C 2-22^~ 

alkenylcarbonyl , (C 4 _ 22 )alkadienylcarbonyl * (Cg_ 22 )alkatrieny1- 
carbonyl , (Cg_ 22 )alkatetraenylcarbonyl , (Cj_ 12 )alkoxycarbonyl 
or a group of formula II, 



in which R5 and Rs* are each, independently (Ci-22)alkyl » (C2-22)- 
alkenyl, (C4.22) alkadien y 1 » (C6"22)a 1 katrienyl , (Cs-22) alkatetra- 
enyl and v is independently of each other 0 or 1, 

R is hydrogen, halogen, hydroxy, (C 1-12 )alkyl , (C 1-12 )alkoxy , 
phenyl, phenyl (C^gjalkoxy, phenyl (C 1-8 )alkyl ; phenyl substi- 
tuted by halogen, (C<j_ 12 )alkyl , (C|_ 12 )alkoxy, amino, (C-j 2 ) " 
alkylcarbonylamino, hydroxy or phenyl*. 



CH 2 0(C0) v R s ' 



-COOCH 



II 



CH 2 0(C0) v R 5 



Y is one of the groups a), b), c) or d) 
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0 

II OH 



0 



0 



0 





a) 



b) 



c) 



wherein 

Rg is (Cj_ 6 )alkyl and 

Ry is hydrogen or (C|_ 6 )alkyl , 

or a salt thereof. 

Salts of the compounds Of the invention are on the one hand metal 
or ammonium salts of the compounds of the invention having a 
free carboxy or a free phosphorus- oxo acid group, more 
particularly alkali or alkaline earth metal salts, e.g. sodium, 
potassium or magnesium salt, and ammonium salts derived from 
ammonia or organic amines. On the other hand, when a basic 
nitrogen atom is present the compounds of the invention can form 
acid addition salts of inorganic or organic acids, e.g. hydrochloric, 
hydrobromic or maleic acid. 

It will be appreciated that the compounds of the invention contain 
a chiral centre at the carbon atom bearing the a- ami no group and 
can therefore exist in racemic and optically-active forms. It is 
to be understood that the present invention encompasses the racemic 
and any optically-active form. Wherein alkenyl groups are present, 
stereoisomer!" c forms occur. These isomers are also included within 
the scope of the present invention. 



In one group of compounds of formula I 
m and n are independently 1 or 2, 

R-, is carboxy or (C-,_ 12 )alkoxycarbonyl , 

R 2 is hydrogen or (C|_ 12 )alkyl , 

R 3 is hydrogen, (C^-^Jalkyl , (C^^alkylcarbonyl , (C 2 _ 22 )- 

alkenylcarbonyl , (C 4 _ 22 )alkadienylcarbonyl , (C 6 _ 22 )alkatrienyl- 
carbonyl, (Cg_ 22 )a1katetraenylcarbonyl , (C^^Jalkoxycarbonyl 

or a group of formula II, in which R 5 and R 5 ' are each, 
independently (C,_ 22 )alkyl , (C 2 . 22 )alkenyl , (C 4 _ 22 )alkadienyl , 
(C 6 _ 22 )alkatrienyl , (Cg_ 22 )alkatetraenyl and v is independent- 
ly of each other 0 or 1 , 

R is hydrogen, halogen, hydroxy, (C 1 _ 12 )alkyl , (C^-^alkoxy, phenyl; 
phenyl (C^gjalkoxy, phenyl (^.gjalkyl , phenyl substituted by 
halogen, (C 1 _ 12 )alkyl , (C,_ 12 )alkoxy or phenyl, 

Y is one of the groups a), b) or c) , 
wherein 

R 6 is ( C l-6^ a1ky1 and 

R 7 is hydrogen or (C-,_ g )alkyl , 

or a salt thereof. 

In another group of compounds of formula I,»m and n are independently 
1 or 2, R.j is carboxy, (C^-^Jalkoxycarbonyl, benzoyl (C ] _ 4 )alkoxycar- 
bonyl, phenyl (C 2 _ 4 )alkenyloxycarbonyl or carbamoyl, R 2 is hydrogen, 
R 3 is hydrogen or (C 118 )alkylcarbonyl, R is hydrogen, (C 112 )alkoxy, 
phenyl, phenyl substituted by halogen, (C 112 )alkyl, amino or phenyl, 

Y is one of the groups a), b), c) or d), wherein R g is (C lg )alkyl 
and R, is hydrogen or (C, fi )alkyl, or a salt thereof. 
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In the above formula I, the following significances as well as 
combinations thereof, are preferred: 

m is 1. 

n is 1. 

R 1 is carboxy or (C|_ 4 )alkoxycarbonyl , 
R 2 is hydrogen, 

R 3 is hydrogen or (C|_ 18 )alkylcarbonyl . 

R is (C-i^^koxy, phenyl or phenyl substituted by halogen, 
(Cj_ 4 )alkyl or phenyl. 

Y is group a) or group b) t wherein R fi is (C^Jalkyl or group c), 
wherein R^ is (C|_ 4 )alkyl , especially group a). 

Halogen is preferably chlorine or fluorine and especially chlorine. 

A preferred group of compounds of formula I are compounds of 
formula la 




la 




# 
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wherein R ] 1 is carboxy, (C^alkoxycarbonyl , benzoyl (C ] _ 4 )alkoxy- 
carbonyl, phenyl (C 2 _ 4 )alkenyloxycarbonyl or carbamoyl, R 2 ' is 
hydrogen, R 3 * is hydrogen or (C^gjalkylcarbonyl , R' is (C^^)- 
alkoxy, phenyl or phenyl substituted by halogen, (C^-^Jalkyl, 
amino or phenyl, Y" is one of the groups a), b) or c), wherein ' 
R 6 is < c i.6 )a1kyl and R 7 is h y dr °9 en or (C^gjalkyl, or a salt 



The present invention in another aspect provides a process for the 
production of a compound of the invention which comprises reacting 
a protected glycine derivative with an appropriate ) 7 alkyl-3-alkyl- 
benzene , in which one alkyl moiety bears a phosphorus oxo acid 
ester group wherein phosphorus is attached directly to the alkyl 
moiety and the other alkyl group bears a leaving group, under 
basic conditions and hydrolysing the resulting compound, and, if 
desired, converting a resulting compound of the invention into 
another compound of the invention, and/or, if desired, converting 
a resulting free compound into a salt; and/or, if desired, resolving 
a racemate obtained into the optical antipodes. 

In particular a compound of formula I as defined above can be 
produced by reacting a compound of formula VI 



wherein R g is hydrogen, alkyl or phenyl, R g is phenyl optionally sub- 
stituted by chlorine, alkyl or alkoxy, and W is -CN or -C00R 1n> wherein 



thereof. 



W 
\ 




VI 



R 1Q is an ester forming radical, with a compound of formula VII, 
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U-(CH 2 ) 



in 



■-cr 

R 




VII 



wherein m, n and R are as defined above, U is a leaving group, and 
Y' is one of the groups b) or c), under basic conditions, and 
hydrolysing the resulting compound, and, if desired, converting a 
resulting compound of formula I into another compound of formula I; 
and/or, if desired, converting a resulting free compound into a 
salt; and/or, if desired, resolving a racemate obtained into the 
optical antipodes. 

The process can be effected in conventional manner. Suitable 
protected glycine derivative are Schiff bases derived from glycine 
ester or glycinoni tri le, in particular a compound of formula VI, 
R 1Q is e.g. alkyl or phenylalkyl . Preferably R g and Rg are each 
phenyl. The reaction of a protected glycine derivative, in particular 
of a compound of formula VI with a l-alkyl-3-alkylbenzene, in which 
one alkyl moiety bears a phosphorus oxo acid ester group wherein 
phosphorus is attached directly to the alkyl moiety and the other 
alkyl group bears a leaving group, in particular a compound of 
formula VII, wherein leaving group U is e.g. halogen, especially 
bromine, methyl sulfonyloxy or p-methylphenylsulfonyloxy , can for 
example be carried out in a basic two phase system, e.g. a water- 
immiscible solvent such as dichlormethane and solid or aqueous 
sodium hydroxide using a phase-transfer catalyst, e.g. benzyl - 
tri butyl ammonium chloride. Suitable temperatures range from 0° 
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to room temperature. Alternatively the reaction can also be carried 
out in an anhydrous organic solvent, such as toluene in the 
presence of e.g. sodium ethoxide or sodium methoxide at a 
temperature between 40° and 110°C.The reaction can also be 
carried out in a water-miscible organic solvent such as 
dioxane in the presence of an aqueous solution of benzyl tri methyl* 
ammonium hydroxide at room temperature. The resulting alkylated 
Schiff base can be hydrolysed to the corresponding a-amino acid in 
conventional manner, e.g. with hydrochloric acid. Suitably in 
compounds of formula VI W is COOR-jq, wherein R^qI s alkyl, when 
compounds of formula I "are to be prepared, wherein is esteri- 
fied carboxy, e.g. al koxycarbonyl . Using mild reaction conditions 
for the hydrolysis of the alkylated Schiff base, e.g. dilute 
hydrochloric acid at room temperature, only the imine functio- 
nality is selectively hydrolysed to yield compounds of formula I, 
wherein R 1 is esterified carboxy and Y is a group b) or c). 
Concentrated hydrochloric acid at elevated temperature leads to 
compounds of formula I, wherein R 1 is carboxy and Y is group a). 
Compounds of formula VI, wherein W is CN, are suitably used, 
when compounds of formula I are to be prepared, wherein R^ is 



alkyl carbamoyl or dialkylcarbamoyl, are to be prepared. In this 
case, the hydrolysis of the alkylated Schiff base is preceded by 
conversion of the carboxylic acid ester to an amide, e.g. by 
reaction with ammonia, mono- or dialkylamine to yield compounds 



carboxy. 



Compounds of formula VI, wherein W is C00R 1Q are conveniently 
employed when compounds of formula I, wherein R 1 is carbamoyl, 
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of formula I, wherein is carbamoyl, alkyl carbamoyl or dialkyl- 
carbamoyl. Alternatively, compounds of formula I, wherein R-j is 
carbamoyl, alkyl carbamoyl or di alkyl carbamoyl, may be prepared 
by reacting a compound of formula I, wherein R 1 is esterified 
carboxy, with ammonia, mono- or dialkylamine. 

The compounds of the invention may be converted to other compounds 
of the invention in conventional manner, e.g. by introducing substituents 
into the" a- amino group^by converting esters to the corresponding 
acids or acids to esters. 

The introduction of substituents into the amino group can be effected 
in conventional manner. For example the alkylation of the amino 
group may be carried out with alkyl halides or alkyl sulfates. 

If only one alkyl group has to be introduced suitably dialkylation 
is prevented by application of known methods, e.g. N-acylation, 
alkylation via N-acyl anion, removal of the acyl group. When the 
compound to be alkylated contains a free carboxy group, (i.e. R^ 
is carboxy) it is preferably blocked by a protecting group e.g. 
benzyl removable by selective hydrogenolysis. The acylation of the 
amino group can be effected by reaction with the appropriate acid 
or a reactive derivative thereof. The urethane can be prepared by 
reaction with a haloformic acid ester. 

The conversion of an ester to the corresponding acid can be 
effected by any conventional method, e.g. by hydrolysis. Using 
selective methods compounds of the invention can be prepared 
wherein either the phosphonic acid di ester or the carboxylic 
acid ester is converted into the corresponding acid. 



• # 



- 10 - 



For example, compounds of formula I wherein R-| is esterified 
carboxy and Y is group b) or c) can be converted to compounds of 
formula I, wherein R 1 is esterified carboxy and Y is group a) by 
silylation with e.g. b romotri methyl si 1 ane and subsequent hydro- 
lysis under mild conditions of the resulting bis-silyl phosphonate. 
By hydrolysing compounds of formula I wherein is esterified 
carboxy and Y is group b) or c) under mild conditions, e.g. 
dilute hydrochloric acid at elevated temperatures e.g. 60-70°C, 
compounds of formula I are obtained, wherein R-j is carboxy and 
Y is a group b) or c). 

The esterifi cation can be carried out using conventional methods. 
When a phosphonic acid monoester [Y is a group d)] is desired 
the esterification can for example be effected with an alcohol 
in pyridine in the presence of trichloroacetoni tri le at a 
temperature of about 100°C.When in the starting material to be. 
esterified the amino group is unsubsti tuted or monosubsti tuted 
with a group that is other than a carbonyl -containing group, such 
amino group is suitably protected by an ami no-protecting group. 
Conventional ami no-protecting groups such as benzyl oxycarbonyl 
or tert. -butyl oxycarbonyl can be used. The deprotection can be 
carried out using conventional procedures, e.g. by treatment with 
trifluoroacetic acid. The benzyl oxycarbonyl group can also be 
removed by hydrogenolysis . 

The conversion of a carboxylic acid to an ester can be carried 
out using conventional methods. 
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The optional formation of a salt, when the resulting compound of 
formula I contains a salifiable group may be carried out conven- 
tionally. 

Racemates can be resolved into the optical antipodes by conventio- 
nal methods, for example by e.g. separation of diastereoisomeric 
salts formed by a basic end product with an optically active acid, 
e.g. by fractional crystallisation of d- or C-tartrates, d- or £- 
di-O.O'-toluyl-tartrates or d- or £-camphorsulfonates. 

Compounds of formula VI used as starting material can be prepared 
by e.g. condensing a compound of formula VIII, 

H 2 N - CH 2 - W VIII 
wherein W 1s as defined above, with a compound of formula IX, 

R ^c=o ix 

R 8 

wherein R g and R g are as defined above. 

The reaction can be effected in known manner. 

Compounds of formula VII can be prepared by reacting a compound of 
formula X 

U-(CH 2 j ra -Q-< CH 2)n- U X 



wherein m, n, R and U are as defined above, with a compound of 
formula XI or XH 



P(0R 6 ) 3 

or 



XI 
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,0-CH, 

CH-OP 

3 \o-ck; 




7 



7 



XII 



wherein R g and R 7 are as defined above. 

The reaction can be carried out in conventional manner. 

Insofar as the production of the starting materials for the above 
processes is not particularly described, these may be produced in 
analogous manner to known compounds or to processes described 



In the following Examples all temperatures are given in degrees 



herein. 



centri grade and are uncorrected. The [a] Q - and Cot] 355 - 
are also uncorrected. 



values 
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Example 1: (+)-a-Amino-3-(4' -chloro-5-phosphonomethyl-[l .1 ' - 
biphenyl]-3-yl propanoic acid 



To a stirred mixture of 3.7 g of the ketimine of glycinonitrile 
and benzophenone, 350 mg benzyl tri butyl ammonium chloride, 1.6 g 
sodium hydroxide, 3.2 ml water and 32 ml toluene is added dropwise 
at 0° over 90 minutes 4.9 g diethyl [3-bromomethyl-5-(4 , -chlorophenyl)- 
phenyl]methylphosphonate. Stirring is then continued at room 
temperature for 24 hours. Thereafter the reaction mixture is diluted 
with water and extracted with methylene chloride. The organic layers 
are washed with water, dried over anhydrous sodium sulfate and eva- 
porated. The residue is chromatographed on 200 g of silica gel 
(230-400 mesh) with CHgClg/acetic acid ethyl ester (3:1). The 
fractions with the main product are evaporated in vacuo. The resi- 
due is refluxed with 30 ml 7N hydrochloric acid for 12 hours. The 
mixture is extracted with toluene/ether (1:1). The aqueous layers are 
evaporated in vacuo, the residue dissolved in tetrahydrofuran/water , 
treated with propylene oxide and evaporated under vacuum. The 
residue is. stirred in warm methanol to afford the title compound, 
m.p. 282-285° (decomp.). 

The starting material diethyU3-bromarethyl-S-(4' -chlorophenyl )- 
phenyl ]raethyl phosphonate may be obtained as follows: 

A mixture of 5.9 g 3,5-bis-bromomethyl-[4 , -chloro-l .1 '-biphenyl], 
3.3 ml tri ethyl phosphite and 60 ml xylene is stirred under reflux 
for 90 minutes. The mixture is evaporated. The residue is chroma- 
tographed on 120 g of silica gel (230-400 mesh) with acetic acid 
ethyl ester. The fractions with the product are evaporated in 
vacuo to give the heading compound as a yellow oil. 
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Example 2: (+)-a-Amino-3-(3-phosphonoraethyl )phenyl -propanoic acid 

In manner analogous to that described in Example 1 the title 
compound, m.p. 271-275° (decomp.), is obtained. 

Example 3: (+)-a-Amino-3-(5-phosphonomethyl-[l .1 '-bi phenyl ]-3-yl ) 
propanoic acid 

To a stirred mixture of 3.7 g of the ketimine of glycinonitri le 
and benzophenone, 350 mg benzyl tri butyl ammonium chloride, 1.6 g 
sodium hydroxide, 3.2 ml water and 32 ml toluene is added dropwise 
at 0° over 90 minutes 4.5 g diethyl C(3-bromomethyl-5-phenyl )phenyl ]- 
methyl phosphonate. Stirring is then continued at room temperature 
for 24 hours. Thereafter the reaction mixture is diluted with 
water and extracted with methylene chloride. The organic layers 
are washed with water, dried over anhydrous sodium sulfate and 
evaporated. The residue is chromatographed on 500 g of silica gel 
(230-400 mesh) with acetic acid ethyl ester. The fractions with the 
main product are evaporated in vacuo. The residue is refluxed with 
30 ml 7N hydrochloric acid for 12 hours. The mixture is extracted 
with toluene/ether (1:1). The aqueous layers are evaporated under 
vacuum, the residue dissolved in tetrahydrofuran/water, treated with 
propylene oxide and evaporated under vacuum. The residue is stirred 
in warm methanol to afford the title compound, m.p. 260-263° 
(decomp. ) . 



The starting material diethyl [(3-bromomethyl-5-phenyl )phenyl] 
methyl phosphonate may be obtained as follows: 
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A mixture of 11.2 g 3,5-bis-bromomethyl-[l .1 '-biphenyl], 6.5 ml 
triethyl phosphite and 110 ml xylene is stirred under reflux for 90 
minutes. The mixture is evaporated. The residue is chroma tographed 
on 400 g of silica gel (230-400 mesh) with acetic acid ethyl ester. 
The fractions with the product are evaporated in vacuo to give the 
heading compound as a yellow oil. 

Example 4; (+)-a-Amino-3-(5-octyloxy-3-phosphonomethyl )phenyl- 



In manner analogous to that described in Example 1 but using 
( 3-bromome thy 1 -5-octyl oxypheny 1 ) -methyl -phosphoni c aci d di ethyl - 
ester as starting material the title compound is prepared, m.p. 
243-246° (decomp.). 

Example 5: (+)-a-Amino-3-(5-diethoxyphosphinyl )methyl-[l .1 ' -biphenyl]- 



To a stirred mixture of 5.0 g of the ketimine of glycine ethyl ester 
and benzophenone, 6.7 g diethyl [( 3-bromome thy 1-5-phenyl ) phenyl li- 
me thy Iphosphonate, 0.3 g KJ and 150 ml dioxane are added dropwise 
at 10° 7.1 ml aqueous benzyl tri methyl ammonium hydroxide (40%) over 
30 minutes. Stirring is then continued at room temperature for 2 
hours. Thereafter the reaction mixture is diluted with water and 
extracted with toluene. The organic layer is washed with water, 
dried (Na 2 S0 4 ) and evaporated. The residue is stirred at room 
temperature with 50 ml IN HC1 and 50 ml ether for 2 hours. The 



propanoic acid 



3-yl)propanoic acid ethyl ester 
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aqueous layer is separated, made alkaline with NaHC0 3 and 
extracted with CH 2 C1 2 . The organic layer is dried (Na 2 S0 4 ) and 
evaporated to yield the title conpound as a yellow oil. M.p. of 
the hydrochloride 140-142°, crystallized from ethanol /diethyl ether. 

Example 6: (+)-a-Amino-3-(5-phosphonomethyl-[1 . I'-bi phenyl ]-3-yl ) 
propanoic acid ethyl ester 



5.5 g of the oily base of Example 5 are dissolved in 100 ml abs. 
CH 2 C1 2 and treated with 16.5 ml bromotri methyl si lane. The mixture is 
left at room temperature for 24 hours. After evaporating to dryness 
the residue is dissolved in 150 ml t^O/ tetrahydrof uran (1:1) and treated 
with propylene oxide, whereby the title compound crystallizes, 
m.p. 290-293° (decomp.). 

Example 7: (+)-a-Amino-3-(4 l -chloro-5-(diethoxyphosphinyl ) methyl- 
[l.l'-bi phenyl ]-3-yl)propanoic acid amide 



To a stirred mixture of 5.0 g of the ketimine of glycine methyl 
ester and benzophenone, 8.0 g diethyl I3-bromomethyl-5-(4 I -chloro- 
phenyl)phenyl]methylphosphonate, 0-3 g KJ and 150 ral dioxane are 
added dropwise at 10° 7.8 ml aqueous benzyl tri methyl ammonium hydroxide 
(40%) over 30 minutes. Stirring is then continued at room temperature 
for 2 hours. Thereafter the reaction mixture is diluted with water 
and extracted with toluene- The organic layer is washed with water, 
dried (Na 2 S0 4 ) and evaporated. The residue is taken up in 250 ml 
CH 3 0H and gaseous NH 3 is introduced at 10°. The mixture is stirred 
at room temperature for 66 hours and evaporated. The residue is 



• s 
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stirred at room temperature with 70 ml IN HC1 and 70 ml tetrahydro- 
furan for 1 1/2 hours. The tetrahydrofuran is evaporated and the 
residue extracted with toluene/di ethyl ether (1:1). The aqaeous layer 
is separated, made alkaline with Na 2 C0 3 and extracted with CHgClg. 
The organic layer is dried (NagSQ^) and evaporated to yield the 
title compound as a foam. 

^H-NMR (360 MHz,CDCl 3 ): 8 1 .25(t,J=6 ,6H) , 1.6 (br.s,2H), 2.9(m,lH), 
3.1{m,lH), 3.2(d t j=24,2tt) t 3.7(m,lH), 4.0(m,4H), 6.6(br. s,2H), 
7.1-7.6(7H). 

Example 8: (+)-a-Amino-3-(4'-chloro-5-phosphonomethyl-[l .1 '-biphenyl ] 
3-yl) propanoic acid amide 



4.2 g of the Example 7 compound are dissolved in 50 ml CHgClg and 
treated with 17.7 ml bromotrimethylsilane. The mixture is stirred 
for 48 hours. After evaporation the residue is taken up with CH 3 0H 
and evaporated. This procedure is effected 3 times. The residue is 
crystallized from CH 3 OH/ethyl acetate (1:1). to yield the title 
compound, m.p. 278-280° (decomp.). 

Example 9: (+)-a-Palmi toyl ami no-3-(5-phosphonomethyl-[l .1 '-biphenyl] 
3-yl) propanoic acid 



A mixture of 335 mg (+)-a-ami no-3- (5-phosphonomethyl -[1 . 1 ' -bi phenyl ]- 
3-yl) propanoic acid in 30 ml di methyl formaraide and 0.76 ml N-ethyl- 
diisopropyl amine under nitrogen are added dropwise at room temperature 
within 10 minutes 0.4 ml palmitic acid chloride. The mixture is 
stirred at room temperature for 26 hours. The solvent is evaporated 



in vacuo. The oily residue is taken up in water, acidified vri tK 2N 
HC1 to pH 1 and extracted with diethyl ether. The extract is washed 
with saturated aqueous sodium chloride solution, dried (NajSO^) 
and evaporated. The residue is recrystallized from diethyl ether/pet ro- 
leura ether to yield the title compound, m.p. 130-140°. MS (FAB) :574(MH + ), 

Exampl e 1 0 : ( +)-a-Ami no-3- ( 4 1 -chl oro-5-( di ethoxyphosphi nyl )- 

methyl-[l .l'-bi phenyl ]-3-yl )-propanoic acid methyl ester 



In analogous manner to that described in Example 5 using the ketimine 
of glycine methyl ester and benzophenone and di ethyl [3-bromomethyl- 
5-(4 l -chlorophenyl)phenyl]methylphosphonate, the title compound is 
obtained as an oil, DC in CH 2 C1 2 /CH 3 0H (9:1) Rf = 0.46. 

Example 11 : (+)-a-Amino-3-(4' -chloro-5-phosphonomethyl-Cl .1 *-bi- 
pheny1]-3-yl) propanoic acid methyl ester 



In manner analogous to that described in Example 6 the title compound 
is obtained, m.p. 300-305° (decorop.)- 

Example 12: (+)-a-Amino-3-(4 , -chloro-5-phosphonomethyl-[l .1 '-hi- 
phenyl ]-3-yl) propanoic acid cinnamyl ester 



a) (+)-a-Amino-3-(4 , -chloro-5-(diethoxyphosphinyl )methyl-[l .1 

4-6 g (+)-a-amino-3-(4 , -chloro-5-(diethoxyphosphinyl )methyl-[l .1 ' -hi- 
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phenyl]-3-yl)propanoic acid ethyl ester, 1 equivalent of IN sodium 
hydroxide and 4 parts by volume of tetrahydrofuran are stirred 
at room temperature for about 15 hours. The tetrahydrofuran is 
evaporated in vacuo. The residue is extracted with to! uene/d'i ethyl 
ether (1:1). The pH of the aqueous layer is adjusted to 5, 
whereby the heading compound crystallizes, m.p. 195-205° (decomp.)* 

b) (+)-a-tert.Butyloxycarbonyl^ 
BhosehinYllmetl^ 

To 1.28 g of the step a) product and 2.2 ml tert. butyl alcohol 
are added under stirring 3.3 ml IN aqueous NaOH solution. The 
mixture is stirred until a clear solution ensues and is then 
treated dropwise with 0.65 g di-tert. butyl carbonate. The mixture 
is stirred at room temperature 21 hours. The mixture is then 
cooled in an ice bath and treated dropwise with a solution of 
0.45 g KHSO^ in 3 ml water and extracted 3 times with CHgClg. 
The combined extracts are evaporated to dryness to give the heading 
compound, as a white foam, which recrystallized from diethyl 
ether has a m.p. 110-114°. 

cj (+)-a- tert. Butyl oxycarbonyl ami no-3-(4' -ch1oro-5-(diethoxy- 
phosphinyl )raethyl-[l .1 '-bi phenyl ]-3-yl) propanoic acid 
ci^nnamyl^ester 

To a solution of 1.05 g of the product of step b) in 5 ml dimethyl- 
formaraide are added 362 mg tetrame thy 1 ammonium hydroxide penta- 
hydrate. The mixture is stirred at room temperature 1 1/2 hours 
and then treated with 394 mg cinnamyl bromide. The mixture is 
stirred at room temperature 17 hours. The mixture is diluted with 
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ice/water (about 50 ml) and extracted with diethyl ether. The 
extracts are washed with 10 ml aqueous IN KHC0 3 solution, dried 
( Na 2 S( V and evaporated to give the heading compound as an oil. 

d ^ izl " a " Ami no ~ 3 " ( 4 ' " ch1 oro "5- (diethoxyphosphi ny 1 )methyl -[1 . 1 1 - 

5.5 g of the product of step c) and 50 ml aqueous trifluoro- 
acetic acid (70%) are stirred at room temperature 20 hours. To the 
mixture are added CH 2 C1 2 and dropwise aqueous KHC0 3 solution. The 
organic phase is dried (Na 2 S0 4 ) and evaporated. The residue is taken 
up in diethyl ether, filtered and evaporated to dryness, to give 
the heading compound as an oil. 

] H-NMR (80MHz, CDCl 3 ):Sl.3 (m,6H), 1.8 (br.s,2H), 2.9(m,lH), 
3.1 (m,lH), 3.1 (d, J=22,2H), 3.8 (m,lH), 4.0 (m,4H), 4.8 (d,J=6, 
2H) , 6.3 (m,lH), 6.7 (d,J=15 , 1H), 7.0-7.6 (sh,12H). 

e) (+)-a-Amino-3-(4 t -chloro-5-phosphonomethyl-[l.l biphenyl ]-3-yl ) 

In manner analogous to that described in Example 6 the title compound 
is obtained, m.p. 253-255°. 

Example 13 : 

In manner analogous the following compounds (racemates) are obtained: 



• 
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analogous 



Ex. R-| 


h 


R 3 R 


Y 


m.p. 




a) C00C 2 H 5 


H 


H -© 




amorphous^ 


5 


b) COOH 


H 


H H^C(CH 3 ) 3 


p 

-P(0H) 2 


decomp. 
>330 ° 


1 


c) COOH 


H 


h -O-O 


0 
II 

-P(0H) 2 


decomp. 
>295 ° 


1 


d) COOCH 2 C0-^3 


H 




0 

-P(0H 2 ) 
0 


220-225° 
(decomp.) 


9 


e) C00CH 3 


H 


H 


-P(OH) 2 
0 


hydrobromi de 
amorphous ^ 


6 


f) COOH 


H 


C0CH 3 -Q 


-P(0H) 2 


amorphous 3 ^ 


8 


g) COOH 


H 




0 

-P(0H) 2 


>315° 4) 


1 



1J Rf 0.35 (CH 2 Cl 2 /CH 3 0H/conc. NH 3 9:1:0.1) 

2 >W (360 MHZ, DMS0-d 6 ):5 3.05 (d, J=20, 2H), 3.15 (2H), 3.75 («.3H). 

4.45 (br.s.lH), 7.1 (s.lH). 7.65-7.35 (7H). 8.45 (br.s,3H) 
3 W 0.75 (ethyl acetate/ acetic acid/water 5:2:2) 

^H-NMR (60 MHz, CD 3 0D): 6 u.a. 1.8 (s,3H), 2.9 (d, J=22, 2H) 
4 )VNMR (360 MHz, DMS0-d 6 ): 5 u.a. 2.95 (d,J=20,2H), 3.1 (m,2H). 
4.1 (m.lH). 
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Example 14 : ( 4Q-a-Amino-3-(5-(diethoxyphosphinyl )methyl-[l . 1 ' - 
bipheny1]-3-yl )propanoic acid ethyl ester 

An etheral solution of 29.9 g (+)-a-amino-3-(5-(diethoxyphosphinyl )- 
methyl -[1 .1 1 -bi phenyl ]-3-yl )propanoic acid ethyl ester and an 
etheral solution of 27.6 g (+)-di-0,0'-p-toluyl-D-tartaric acid 
are mixed whereby the crude sal ts precipitate. The salts are 
filtered and crystallized from ethanol/t-butyl methyl ether (1:4). 
The resulting crystalls are recrystal lized three times from iso- 
propanol/tert. butyl methyl ether (1:8) to give pure (+)-a-amino- 
3-(5-(diethoxyphosphinyl )methyl-[l . 1 ' -biphenyl ]-3-yl propanoic 
acid ethyl ester (+)-di-0,0' -p-toluyl-D-tartrate, m.p. 155-158°, 
[ a ]20 = + 88.6° (c= 1 in C^OHV IN HC1 2:1). 

The above salt is treated with saturated aqueous KHCO^ solution and 
extracted with CH 2 C1 2 to give (+)-a-amino-3-(5-(diethoxyphosphinyl ) 
methyl -[1 .T -biphenyl ]-3-yl ) propanoic acid ethyl ester as an oil. 
The hydrochloride has a m.p. of 150-152° (decomp.), crystallized from 
ethanol/diethyl ether, [a]^° = + 17.7° (c = 1 in 2N HC1). 



Example 15: ( +)-a-Anrino-3-(5-phosphonomethyl-[l . 1 ' -biphenyl ]-3-yl)- 
propanoic acid ethyl ester 

In manner analogous to that described in Example 6 and using the com- 
pound of Example 14 as starting material, the title compound is obtained 
m.p. 280-285° (decomp.), [a]* 0 = + 5.0° (c = 1 in IN HCl),[a]^° 5 = + 31.0 
(c = 1 in IN HC1). 
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Example 16 : (+)-a-Amino-3-(5-phosphonomethyl-[l . 1 * -bi phenyl]- 
3-yl) propanoic acid 

The compound of Example 15 and IN hydrochloric acid are heated 

at 60° for 2 hours. After evaporating to dryness the residue is 

dissolved in tetrahydrofuran/water and treated with propylene oxide, 

whereby the title compound is obtained, m.p, 275-278° (decomp.). 

ta]p° = 0.0 t 0.5° (c = 1 in 6N HC1), = + 21.3° (c = 1 in 6N HC1). 

Example 17 : ( -)-q-Amino-3-(5-(diethoxyphosphinyl )methyl-[1 . 1 ' - 
biphenyl]-3-yl)propanoic acid ethyl ester 

In manner analogous to that described in Example 14 and using (t)-a-ami- 
no-3-(5-diethoxyphosphinyl)methyl-[l.r-biphenyl]-3-yl)propanoic acid 
ethyl ester and (-)-di-0,0' -p-toluyl-L-tartaric acid as starting material, 
the title compound is obtained. The hydrochloride has a m.p. of 150-152° 
(decomp.), [a]* 0 = - 17.3° (c = 1 in 2N HC1). 

Example 18 : ( - )-g-Ami no-3- ( S-phospttonomethyl -[1 . T -bi phenyl ]-3-y1 ) - 
propanoic acid ethyl ester 

In manner analogous to that described in Example 6 and using the com- 
pound of Example 17 as starting material, the title compound is obtained 
m.p. 277-282° (decomp.), [a]p° = - 4.4° (c * 1 in IN HC1), 

Ca] 365 = " 28#1 ° {c = 1 1n 1N HC1) * 

Example 19 : (-)-g-Amino-3-(5-phosphonomethyl-[l . 1 '-biphenyl]- 
3-yl )propanoic acid 

In manner analogous to that described in Example 16 and using the com- 
pound of Example 18 as starting material, the title compound is obtai- 
ned, m.p. 274-276° (decomp.). [a]* 0 = 0.0 ± 0.5° (c = 1 in 6N HC1), 
Ca] 365 = " 20 * 3 ° (c = 1 in 6N HC1). 
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The compounds of the invention exhibit pharmacological activity and are 
therefore, indicated for use as pharmaceuticals e.g. for therapy. 
In particular, the compounds exhibit central nervous system activity 
as indicated in standard tests. For example, the compounds inhibit the 
locomotion in mice. 

In this test groups of 3 male mice (18-24 g, OF-1 , Sandoz Basle) 
receive 3.2, 10, 32, 100 and 320 nig i.p. of the test drug. 1 hour 
after drug administration the mice are observed individually and 
their locomotion compared with that of control mice concurrently 
treated with vehicle. The locomotion is judged to be either un- 
affected, definitely more or less than controls, strongly more or 
less than controls, or completely inhibited. 

The compounds of the invention additionally exhibit anticonvulsant 
activity as indicated in standard tests. In a first test, the com- 
pounds inhibit the electroshock-induced convulsions in the mouse 
[c.f. E. Swinyard, J. Am. Pharm.Assoc.Scient.Ed. 38, 201 (1949) and 
J.Pharmacol .Exptl .Therap. J06, 319 (1952)]. In this test group of 
3 mice (18-26 g, OF-1, Sandoz Basle) receive the test substance in 
a dosage of 3.2-100 mg/kg i.p. After 60 minutes a 50 mA, 200 ms 
long shock is applied with corneal electrodes smeared with electro- 
lyte jelly. This supra- threshold shock produces tonic extensor 
convulsions of all extremities. Inhibition of the hindlimb extension 
is taken as a protective action. After investigation of several dose- 
levels an ED „. is estimated, 
mi n 

In a second test the compounds inhibit N-Methyl-D-aspartic acid (NMDA) 
induced convulsions in the mouse. In this test groups of 6 female 
mice (18-26 g, 0F-1, Sandoz Basle) were pretreated with the test 
substance in a dosage of 0.1 - 100 mg/kg i.p. 30 minutes later 
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they are challenged with 400 rag/kg s.c. NMDA in the neck region and 
observed for 30 minutes. The latencies for the appearance of the 
first signs of convulsions, for the first tonic convulsions and for 
the occurence of death are noted. The significance of any differences 
is observed using the Mann-Whitney U-test [S. Siegel , Non-parametric 
Statistics, McGraw-Hill, New York 19563. After investigation of 
several dose-levels the threshold dose is estimated. This dose 
represents the smallest dose at which there is a significant inhi- 
bition of convulsive symptoms. 

As a result of their anticonvulsant activity the compounds of the in- 
vention are indicated for use for the treatment of epilepsy. For this 
use an indicated daily dosage is in the range from about 25 to about 
800 mg of the compound conveniently administered in divided doses 2 
to 4 times a day in unit dosage form containing for example from about 
6 to about 400 mg of the compound or in sustained release form. 

The compounds of the invention further interact with excitatory amino 
acid systems, in particular they are competitive antagonists of NMDA 
(N-Methyl-D-aspartic acid) receptors,. as indicated by an inhibitory 
effect on NMDA-induced depolarizations of the isolated amphibian 
spinal cord [P.L. Herrling, Neuroscience 14 (1985) 417-426]. The 
compounds of the invention show this activity at concentrations of from 
about 100 nM/1 to about 300 /jM/I. 

The compounds of the invention are also selective as indicated in that 
quisqualate Induced depolarisations are not significantly effected 
in the above test wherein NMDA is replaced by quisqualic acid. 




As a result of their NMDA receptor antagonism the compounds are 
indicated for the use i) in the treatment of disorders having an 
etiology comprising or associated with excess GH-secretion e.g. in 
the treatment of diabetes mellitus and angiopathy as well as of 
acromegaly and ii) in the treatment of disorders having an etiology 
associated with or modulated by excess LH-secretion e.g. in the 
treatment of prostate hypertrophy or in the treatment of menopausal 
syndrome. For this use an indicated daily dosage is in the range from 
about 1 to about 800 mg of the compound conveniently given in divided 
doses 2 to 4 times a day in unit dosage form containing for example 
from about 0.25 to about 400 mg of the compound or in sustained 
release form. 

As a result of their NMDA receptor antagonism the compounds of the in- 
vention are further indicated for use for the treatment of anxiety, 
schizophrenia and depression or of CNS degenerative disorders, such as 
Huntington's, Alzheimer's or Parkinson's diseases. For these uses an 
indicated daily dosage is in the range from about 25 to about 800 mg 
of the compound conveniently administered in divided doses 2 to 4 times 
a day in unit dosage form containing for example from about 6 to about 
400 mg of the compound or in sustained release form. 

The compounds of the invention protect further against hypoxia-induced 
degeneration of rat hippocampal neurons in vitro at concentrations 
ranging from 1 /iM to 3 mM [method of S. Rothman, J.Neurosci. 4, 
1884-1891 (1984)]. The compounds are therefore useful in the treatment 
of cerebral hypoxlc/ischaemic conditions, e.g: stroke. For this use an 
indicated daily dosage is in the range from about 10 to about 800 mg 
of the compound conveniently administered in divided doses 2 to 4 
times a day in unit dosage form containing for example from about 
2 to about 400 mg of the compound or in sustained release form. 



• t 
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Furthermore, the compounds of the invention inhibit plasma 
corticosterone rise, which is induced by social stress in mice. 
This can be shown in the following test: 

One day before the experiment a group of 5 male mice (40-50 g OF-1 , 
Sandoz, Basle) were placed in a transparent makrolon cage Typ 3, 
which is cut in halves by a grid. The next day each mouse was given an 
oral dose of 0.3-30 mg/kg of a compound of the invention. Two* hours 
later an isolated male mouse was introduced for 15 minutes into the 
empty half of the cage and two trained observers recorded the be- 
haviour of the mice in terms of acts such as dig, push-dig and 
rattle. Blood plasma samples were then taken from the tested mice 
group and assayed for corticosterone concentrations using a modi- 
fied method of Paerson-Murphy B.E., J.Clin. Endocrinology 27 (1967) 
973-990. The procedure was repeated with a control group of 5 
mice which was given only a solvent. 

As a result of their ability to inhibit plasma-corticosterone rise 
the compounds of the invention are indicated for use for the treatment 
of stress-related psychiatric disorders, e.g. where the treatment 
of social withdrawal, which is present in many psychiatric dis- 
orders, e.g. schizophrenia, depression, generalized anxiety or in 
affective disorders, e.g. adjustment disorders with social with- 
drawal or anxiety, and other stress-related illnesses is desired. 

For this use an indicated daily dosage is in the range from about 
3 to about 800 mg of the compound conveniently administered in 
divided doses 2 to 4 times a day in unit dosage form containing for 
example from about 0.75 to about 400 mg of the compound or in 
sustained release form. 
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The compounds of the invention may be administered by any conventional 
route, in particular enterally, preferably orally e.g. in the form 
of tablets or capsules, or parenterally e.g. in form of injectable 
solutions or suspensions. 

a-Amino-3-(5-phosphonomethyl-[l. 1 ' -biphenyl]-3-yl )propanoic acid 
is the preferred compound for the treatment of stress-related 
psychiatric disorders. 

The compounds of the invention may be administered as such or as their 
pharmaceutical ly acceptable salts. Such salts exhibits the same 
order of activity as the compounds of the invention in free base or 
free acid form. The present invention also provides pharmaceutical 
compositions comprising a compound of the invention as such or in salt 
form in association with at least one pharmaceutical carrier or 
diluent. Such compositions may be manufactured in conventional 
manner. 



# 
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CLAIMS: 



A process for the production of an a-amino-ot-(3-alkylphe- 



nyl )alkyl-ethanoic acid, an ester thereof or an amide thereof, in 
which the 3-alkyl moiety bears a phosphorus oxo acid group or an 
ester thereof, wherein phosphorus is attached directly to the alkyl 
moiety, or a salt thereof, which comprises reacting a protected 
glycine derivative with an appropriate l-alkyl-3-alkyl-benzene, 
in which one alkyl moiety bears a phosphorus oxo acid ester 
group, wherein phosphorus is attached directly to the alkyl 
moiety and the other alkyl group bears a leaving group, under 
basic conditions and hydrolysing the resulting compound, and, if 
desired, converting a resulting compound of the invention into 
another compound of the invention, and/or, if desired, converting 
a resulting free compound into a salt; and/or, if desired, resolving 
a racemate obtained into the optical antipodes. 

2. A process according to claim 1 for the production of a 

compound of formula I, 



R is carboxy, (C, 12 )alkoxycarbonyl, benzoyl (C^Jalkoxycarbonyl. 




I 



wherein 

m and n are independently 1 or 2, 



t 



r 
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phenyl(C 2 _ 4 )alkenyloxycarbonyl, carbamoyl, monoalkyl(C 1 g )carba- 
moyl or dialkyHC^gJcarbamoyl , 

R 2 is hydrogen or (C-|_^ 2 )alkyl , 

R 3 is hydrogen, (C^^Jalkyl , (C^gjalkylcarbonyl , (C 2 _ 22 )alkenyl- 
carbonyl , (C 4 _ 22 )alkadienylcarbonyl , (C g _ 22 )alkatrienylcarbonyl , 
(C 8 _ 22 )alkatetraenylcarbonyl, (Cj^^alkoxycarbonyl or 
a group of formula II, 

CH 2 0(C0) v R 5 ' 

-C00CH II 
I 

CH 2 0(C0) R 5 



in which R 5 and R 5 ' are each, independently (C-j_ 22 )a1kyl , {^2-22^' 
alkenyl, (C 4 _ 22 )alkadienyl , (C 6 _ 22 )al katrienyl , (Cg_ 22 )alkatetra- 
enyl and v is independently of each other 0 or 1 , 

R is hydrogen, halogen, hydroxy, (C^^alkyl , (C 1 _ 12 )alkoxy, 

phenyl, phenyl (C^gjalkoxy, phenyl (C ] _ 8 )alkyl ; phenyl substituted 
by halogen, (C^^Jalkyl , (C^^Jalkoxy, amino, (C^-j^alkyl- 
carbonylamino, hydroxy or phenyl, 

Y is one of the groups a), b), c) or d) 



S OH |? QR 6 J 0-CH R (f^OR 

X 0H \QR 6 ^0-CH£ X R OH 



a) b) c) d) 
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wherein 

R g is (C-|_g)alkyl and 

R 7 is hydrogen or (C 1-6 ) alkyl, 

or a salt thereof, which comprises reacting a compound of formula VI 



wherein Rg is hydrogen, alkyl or phenyl, Rg is phenyl optionally sub- 
stituted by chlorine, alkyl or alkoxy, and W is -CN or -C00R 1Q , wherein 
R 1n is an ester forming radical, with a compound of formula VII, 



wherein m, n and R are as defined above, U is a leaving group, and 
Y 1 is one of the groups b) or c), under basic conditions, and 
hydrolysing the resulting compound, and, if desired, converting a 
resulting compound of formula I into another compound of formula i; 
and/or, if desired, converting a resulting free compound into a 
salt; and/or, if desired, resolving a racemate obtained into the 
optical antipodes. 



W 
\ 




VI 




VII 



R 



r 
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3. A process for the production of an a-amino-a-( 3-alkylphenyl )- 
alkyl-ethanoic acid, an ester thereof or an amide thereof, in which 
the 3-alkyl moiety bears a phosphorus oxo acid group or an ester 
thereof, wherein phosphorus is attached directly to the alkyl moiety, 
or a salt thereof, as hereinbefore described with reference to any 

of the Examples. 

4. An a-amino-a-( 3-alkylphenyl )alkyl-ethanoic acid, an ester 
thereof or an amide thereof, in which the 3-alkyl moiety bears a phos- 
phorus oxo acid group or an ester thereof, wherein phosphorus is 
attached directly to the alkyl moiety, or a salt thereof, whenever 
produced by a process of claim 1, 2 or 3. 

5. An a-amino-ot-( 3-alkylphenyl )alkyl-ethanoic acid, an ester 
thereof or an amide thereof, in which the 3-alkyl moiety bears a 
phosphorus oxo acid group or an ester thereof, wherein phosphorus 
is attached directly to the alkyl moiety, or a salt thereof. 

6. A compound according to claim 5, wherein phenyl is substi- 
tuted by alkoxy , phenyl or phenyl substituted by halogen, alkyl 

or phenyl or a salt thereof. 

7. A compound of formula I as defined in claim 2 or a salt thereof. 

8. A compound of claim 7 , wherein 
m and n are independently 1 or 2, 

is carboxy or (C|_.| 2 )alkoxycarbonyl , 

F*2 is hydrogen or (C^^Jalkyl , 

R 3 is hydrogen, (C^^alkyl , (Cj^Jalkylcarbanyl , (C 2 _ 22 )alkenyl- 
carbonyl , (C 4 _ 22 )alkadieny1carbonyl , (Cg -22 )alkatrienylcarbonyl , 
(Cg_ 22 )alkatetraenylcarbonyl , (C^ 12 )alkoxycarbonyl 
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or a group of formula II, in which Rg and Rg' are each, 
independently ( c i_22^ alkyl * ( C 2-2Z^ alkenyl * ( C 4-22^ all<adienyl 1 
( C 6-22^ a ^ atr ^ enyl * (^3-22^ a ^ katetraeny ^ and v ^ s in ^ependent- 
ly of each other 0 or 1, 

R is hydrogen, halogen, hydroxy, (C 1 _ 12 )alkyl , (C^^Jalkoxy , phenyl; 
phenyl (C 1-8 )alkoxy, phenyl C 1-a )alkyl , phenyl substituted by 
halogen, (C^ 12 )alkyl , (C^^Jalkoxy or phenyl, 

Y is one of the groups a), b) or c), 
wherein 

R 5 is (C 1-6 )alkyl and.. 

R 7 is hydrogen or (Cj_ 6 )alkyl, 

or a salt thereof. 

9. a compound of claim 7> wherein m and n are independently 

1 or 2, R 1 is carboxy, (C^^Jalkoxycarbonyl, benzoyl (C^Jalkoxycar- 
bonyl, phenyl (C 2-4 )alkenyloxycarbonyl or carbamoyl, R 2 is hydrogen, 
R 3 is hydrogen or (C^gjalkylcarbonyl, R is hydrogen, (C^^alkoxy, 
phenyl, phenyl substituted by halogen, (C r _ 12 )alkyl, amino or phenyl, 
Y is one of the groups a), b), c) or d), wherein R g is (C T _ 5 )alkyl 
and R 7 is hydrogen or (C, fi )alkyl, or a salt thereof. 



wherein R 1 ' is carboxy, (C^Jalkoxycarbonyl , benzoyl (C^alkoxy- 
carbonyl, phenyl (Co 4 )alkenyloxycarbonyl or carbamoyl* R^ is 



10. 



A compound according to claim 7 of the formula la, 




la 
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hydrogen, R 3 ' is hydrogen or (Cj_ 18 )alkylcarbonyl , R' is (C^^)" 
alkoxy, phenyl or phenyl substituted by halogen, (C-|_ 12 )a1kyl , 
amino or phenyl, V 1 is one of the groups a), b) or c), wherein 
Rg is (C|_g)alkyl and R 7 is hydrogen or (C^g)alkyl, or a salt 
thereof. 

1 ^ A compound of claim 7 which is (+)-a-amino-3- 

(4^chloro-5-phosphonomethyl-n.r-bi phenyl >3-yl) propanoic acid 
or a salt thereof. 

12. A compound of claim 7 which is a (+)-a-amino-3- 
(3-phosphonomethyl )phenyl -propanoic acid or a salt thereof, 

13. a compound of claim 7 which is (+)-a-amino-3- 
(5-phosphonomethyl-[1.1 '-biphenyl]-3-yl ) propanoic acid or a salt 
thereof. 

1*. A compound of claim 7 which is (+)-a-am1no-3-(5- 

octyloxy-3-phosphonomethyl) phenyl -propanoic acid or a salt thereof. 

15 # A compound of claim 7 which is (+)-a-ami no-3-(5- 

diethoxyphosphinyl)methyl-[l.T-biphenyl]-3-yl) propanoic acid 
ethyl ester or a salt thereof. 

16. A compound of claim 7 which is ( +)-a-amino-3-(5- 
phosphonomethyl-Cl.l'-bi phenyl ]-3-yl) propanoic acid ethyl ester 
or a salt thereof. 

17. A compound of claim 7 which is (+)-a-amino-3-(4' - 
chloro-5-(diethoxyphosphinyl) methyl-Cl .T-bi phenyl ]-3-yl )propanoic 
acid amide or a salt thereof. 

1 8# A compound of claim 7 which is (+)-a-amino-3-(4 l - 

chloro.5.phosphonomethyl-[l.V-biphenyl]-3-yl) propanoic acid amide 

or a salt thereof. 
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19. A compound of claim 7 which is (+)-a-palmi toylamino- 
3-(5-phosphonomethy1-[l .1 ' -bi phenyl ]-3-yl ) propanoic acid or a 
salt thereof. 

20. A compound of claim 7 which is (+)-a-amino-3-(4 l - 
chloro-S-(diethoxyphosphinyl) methyl-[l.l 1 -bi phenyl ]-3-yl ) 
propanoic acid methyl ester or a salt thereof. 

21. A compound of claim 7 which is (+)-a-amino-3-(4 l - 
chloro-5-phosphonomethyl-[l.l '-biphenyl]-3-yl) propanoic acid methyl 
ester or a salt thereof. 

22. A compound of claim 7 which is (+)-a-amino-3-(4 l - 
chl oro-5- (di ethoxyphosphi nyl )methyl -CT . 1 1 -bi phenyl ]-3-yl ) 
propanoic acid or a salt thereof. 

2 3. A compound of claim 7 which is (+)-ot-tert.butyloxy- 

carbonylamino-3-(4 l -chloro-5-(diethoxyphosphinyl)methyl-[l .1 '- 
bi phenyl ]-3-yl) propanoic acid or a salt thereof. 

24. - A compound of claim 7 which is (+)-a-tert.butyloxy- 
carbonylami no-3-(4'-chloro-5-(dlethoxyphosphinyl )methyl-[l .1 
bi phenyl ]-3-yl ) propanoic acid cinnamyl ester. 

25. A compound of claims which is (+)-a-amino-3-(4'- 

chl oro-5- ( di ethoxyphosphi nyl )methyl - [1 . 1 1 -bi phenyl 3-3-yl ) 
propanoic acid cinnamyl ester or a salt thereof. 

25. A compound of claim 7 which is (+)-a-amino-3-(4 1 - 
chloro-5-phosphonomethyl-Cl.r-biphenyl]-3-yl) propanoic acid 
cinnamyl ester or a salt thereof. 
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27. A compound of claim 7 which is ( + )-a-ami no-3-(5- 
cyclic-2,2-dimethylpropylene phosphinyl )methyl-[l .1 '-biphenyl ] 
3-yl ) propanoic acid ethyl ester or a salt thereof, 

28. A compound of claim 7 which is (+)-a-amino-3- 
(4 , -tert.butyl-5-phosphonomethyl-[l .1 1 -biphenyl ]-3-yl ) propanoic 
acid or a salt thereof. 

29. A compound of claim 7 which is ( + )-a-amino-3-(4iphenyl - 
5-phosphonomethyl-[l . 1 '-biphenyl ]-3-yl)propanoic acid or a 

salt thereof. 

30. A compound of claim 7 which is (+)-a-amino-3-(4 ! - 
chloro-5-phosphonomethyl-Cl ,1 1 -biphenyl ]-3-yl ) propanoic acid 
benzoylmethyl ester or a salt thereof. 

31. A compound of claim 7 which is (+)-a-amino-3-{5- 
phosphonomethyl-[l .1 '-biphenyl ]-3-yl ) propanoic acid methyl 
ester or a salt thereof. 

32. A compound of claim 7 which is (+)-a-acetylamino-3- 
(5-phosphonomethyl-Cl .1 '-bi phenyl ]-3-yl) propanoic acid or a 
salt thereof. 

33. A compound of claim 7 which is (+)-a-am^no-3-(3 , - 
amino-5-phosphonomethyl-[l .T -biphenyl ]-3-yl) propanoic acid or 
a salt thereof. 

34. A compound of claim 7 which is (+)-a-amino-3- 

(5-(diethoxyphosphinyl )methyl-[l . 1 1 -biphenyl]-3-yl )propanoic acid 
ethyl ester or a salt thereof. 



• 
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35, A compound of claim 7 which is (+)-a-amino-3-(5- 
phosphonomethyl -CI. l'-bi phenyl ]-3 r yl)propanoic acid ethyl ester 
or a salt thereof. 

36. A compound of claim 7 which is (+)-a-amino-3-(5- 
phosphonomethyl-[l.V-biphenyl]-3-yl) propanoic acid or a salt 
thereof. 

37^ A compound of claim 7 which is (-)-a-amino-3-(5-(di- 

ethoxyphosphiny 1 )methyl -C 1.1' -bi phenyl ]-3-yl )propanoi c aci d ethyl 
ester or a salt thereof. 

38. A compound of claim 7 which is (-)-a-amino-3-(5-phosph 
nomethyl-Cl.V-biphenyll-S-yl propanoic acid ethyl ester or a salt 
thereof. 

39. „ A compound of claim 7 which is (-)-a-anrino-3-(5- 
phosphonomethyl -CI. V-bi phenyl ]-3-yl) propanoic acid or a salt 
thereof. 

40. A compound according to any one of claims 4 to 39 
or a pharmaceutical^ acceptable salt thereof for use as a 
pharmaceuti cal. 

41. A compound according to claim 40 for use in the treat- 
ment of epilepsy, disorders associated with excess GH or LH 
secretion, anxiety, schizophrenia, depression, CNS degenerative 
disorders or cerebral hypoxic/ischaemic conditions. 
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42. A compound according to claim 40 for use in the treat- 
ment of stress-related psychiatric disorders. 

43. A pharmaceutical composition which comprises a compound 
of claim 4 or a pharmaceutical ly acceptable salt thereof in 
association with a pharmaceutical carrier or diluent. 

44. A method of treating epilepsy, disorders associated with 
excess GH or LH secretion, anxiety, schizophrenia, depression, CNS dege- 
nerative disorders, cerebral hypoxic/ischaemic conditions or for the 
treatment of stress-related psychiatric disorders, which comprises 
administering a therapeutically effective amount of a compound 

of claim 4 or a pharmaceutical^ acceptable salt thereof to a 
subject in need of such treatment. 



